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device, when an object that is spaced from the electronic
device is detected, continuing performing detection of
objects, when no object is detected, discontinuing performing
detection of objects, and utilizing touch sensors of the touch-
sensitive display, performing touch detection.
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1
ELECTRONIC DEVICE WITH
TOUCH-SENSITIVE DISPLAY AND
THREE-DIMENSIONAL
GESTURE-DETECTION

FIELD OF TECHNOLOGY

The present disclosure relates to electronic devices, includ-
ing but not limited to, portable electronic devices having
touch-sensitive displays and their control.

BACKGROUND

Electronic devices, including portable electronic devices,
have gained widespread use and may provide a variety of
functions including, for example, telephonic, electronic mes-
saging and other personal information manager (PIM) appli-
cation functions. Portable electronic devices include, for
example, several types of mobile stations such as simple
cellular telephones, smart phones, wireless personal digital
assistants (PDAs), and laptop computers with wireless
802.11 or Bluetooth capabilities.

Portable electronic devices such as PDAs or smart tele-
phones are generally intended for handheld use and ease of
portability. Smaller devices are generally desirable for port-
ability. A touch-sensitive display, also known as a touch-
screen display, is particularly useful on handheld devices,
which are small and have limited space for user input and
output. The information displayed on the touch-sensitive dis-
plays may be modified depending on the functions and opera-
tions being performed. With continued demand for decreased
size of portable electronic devices, touch-sensitive displays
continue to decrease in size.

Improvements in devices with touch-sensitive displays are
desirable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an electronic device in accor-
dance with the disclosure.

FIG. 2 is a front view of an electronic device in accordance
with the disclosure.

FIG. 3 is a side view of an electronic device in accordance
with the disclosure.

FIG. 4 is a flowchart illustrating a method of detecting
objects spaced from a touch-sensitive display and detecting
touches on the touch-sensitive display in accordance with the
disclosure.

FIG. 5 is a front view of another example of an electronic
device in accordance with the disclosure.

DETAILED DESCRIPTION

The following describes an electronic device and a method
that includes, performing touch detection utilizing transmit-
ters and receivers of an electronic device. When no touch is
detected, three-dimensional (3D) gesture detection is per-
formed to detect gestures performed by objects spaced from
the electronic device. When a 3D gesture is not detected,
performing 3D gesture detection is discontinued to reduce the
effect of noise caused by the transmitters during touch detec-
tion.

For simplicity and clarity of illustration, reference numer-
als may be repeated among the figures to indicate correspond-
ing or analogous elements. Numerous details are set forth to
provide an understanding of the examples described herein.
The examples may be practiced without these details. In other
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instances, well-known methods, procedures, and components
are not described in detail to avoid obscuring the examples
described. The description is notto be considered as limited to
the scope of the examples described herein.

The disclosure generally relates to an electronic device,
such as a portable electronic device or non-portable electronic
device. Examples of portable electronic devices include
mobile, or handheld, wireless communication devices such as
pagers, cellular phones, cellular smart-phones, wireless orga-
nizers, personal digital assistants, wirelessly enabled note-
book computers, tablet computers, mobile internet devices,
electronic navigation devices, and so forth. The portable elec-
tronic device may be a portable electronic device without
wireless communication capabilities, such as handheld elec-
tronic games, digital photograph albums, digital cameras,
media players, e-book readers, and so forth. Examples of
non-portable electronic devices include desktop computers,
electronic white boards, smart boards utilized for collabora-
tion, built-in monitors or displays in furniture or appliances,
and so forth.

A block diagram of an example of an electronic device 100
is shown in FIG. 1. The electronic device 100 includes mul-
tiple components, such as a processor 102 that controls the
overall operation of the electronic device 100. Communica-
tion functions, including data and voice communications, are
performed through a communication subsystem 104. Data
received by the electronic device 100 is decompressed and
decrypted by a decoder 106. The communication subsystem
104 receives messages from and sends messages to a wireless
network 150. The wireless network 150 may be any type of
wireless network, including, but not limited to, data wireless
networks, voice wireless networks, and networks that support
both voice and data communications. A power source 142,
such as one or more rechargeable batteries or a port to an
external power supply, powers the electronic device 100.

The processor 102 interacts with other components, such
as a Random Access Memory (RAM) 108, memory 110, a
touch-sensitive display 118, a 3D gesture detector 158, an
auxiliary input/output (I/O) subsystem 124, a data port 126, a
speaker 128, a microphone 130, short-range communications
132 and other device subsystems 134. The touch-sensitive
display 118 includes a display 112 and touch sensors 114 that
are coupled to at least one controller 116 that is utilized to
interact with the processor 102. The three-dimensional ges-
ture detector 158 includes transmitters 120 and receivers 122
that are coupled to a controller 156. Input via a graphical user
interface is provided via the touch-sensitive display 118 and
the 3D gesture detector 158. Information, such as text, char-
acters, symbols, images, icons, and other items that may be
displayed or rendered on a portable electronic device, is dis-
played on the touch-sensitive display 118 via the processor
102. The processor 102 may also interact with an accelerom-
eter 136 that may be utilized to detect direction of gravita-
tional forces or gravity-induced reaction forces.

To identify a subscriber for network access, the electronic
device 100 may utilize a Subscriber Identity Module or a
Removable User Identity Module (SIM/RUIM) card 138 for
communication with a network, such as the wireless network
150. Alternatively, user identification information may be
programmed into memory 110.

The electronic device 100 includes an operating system
146 and software programs, applications, or components 148
that are executed by the processor 102 and are typically stored
in a persistent, updatable store such as the memory 110.
Additional applications or programs may be loaded onto the
electronic device 100 through the wireless network 150, the
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auxiliary 1/O subsystem 124, the data port 126, the short-
range communications subsystem 132, or any other suitable
subsystem 134.

A received signal such as a text message, an e-mail mes-
sage, or web page download is processed by the communica-
tion subsystem 104 and input to the processor 102. The pro-
cessor 102 processes the received signal for output to the
display 112 and/or to the auxiliary /O subsystem 124. A
subscriber may generate data items, for example e-mail mes-
sages, which may be transmitted over the wireless network
150 through the communication subsystem 104. For voice
communications, the overall operation of the electronic
device 100 is similar. The speaker 128 outputs audible infor-
mation converted from electrical signals, and the microphone
130 converts audible information into electrical signals for
processing.

The touch-sensitive display 118 may be any suitable touch-
sensitive display, such as a capacitive, resistive, infrared,
surface acoustic wave (SAW) touch-sensitive display, strain
gauge, optical imaging, dispersive signal technology, acous-
tic pulse recognition, and so forth. A capacitive touch-sensi-
tive display includes one or more capacitive touch sensors
114. The capacitive touch sensors may comprise any suitable
material, such as indium tin oxide (ITO).

One or more touches, also known as touch contacts or
touch events, may be detected by the touch-sensitive display
118. The processor 102 may determine attributes of the touch,
including a location of the touch. Touch location data may
include data for an area of contact or data for a single point of
contact, such as a point at or near a center of the area of
contact. The location of a detected touch may include x and y
components, e.g., horizontal and vertical components,
respectively, with respect to one’s view of the touch-sensitive
display 118. A touch may be detected from any suitable input
member, such as a finger, thumb, appendage, or other objects,
for example, a stylus, pen, or other pointer, depending on the
nature of the touch-sensitive display 118. Multiple simulta-
neous touches may be detected.

One or more touch gestures may also be detected by the
touch-sensitive display 118. A touch gesture, such as a swipe,
also known as a flick, is a particular type of touch on a
touch-sensitive display 118 and may begin at an origin point
and continue to an end point, for example, a concluding end of
the gesture. A gesture may be identified by attributes of the
gesture, including the origin point, the end point, the distance
travelled, the duration, the velocity, and the direction, for
example. A gesture may be long or short in distance and/or
duration. Two points of the gesture may be utilized to deter-
mine a direction of the gesture. A gesture may also include a
hover. A hover may be a touch at a location that is generally
unchanged over a period of time or is associated with the same
selection item for a period of time.

The transmitters 120 and the receivers 122 of the 3D ges-
ture detector 158 may be disposed on the touch-sensitive
display 118. Alternatively, the 3D gesture detector 158 may
include antennae that are operable to transmit and to receive
signals. The transmitters 120 and the receivers 120 may com-
prise any suitable material, such as ITO. The transmitters 120
and the receivers 120 may be disposed on the same layer or
layers as the capacitive touch sensors 114, disposed on
another layer or layers of the touch-sensitive display 118,
disposed on a cover of the touch-sensitive display 118, dis-
posed on a housing of the electronic device 100, disposed on
or included as a separate element, and so forth.

The 3D gesture detector 158 detects one or more objects
that are spaced away from the electronic device 100, for
example, spaced from the touch-sensitive display 118. Move-
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4

ment of the one or more objects may be considered a 3D
gesture. A 3D gesture includes a gesture performed by an
object that is typically spaced from the touch-sensitive dis-
play 118. The object may not touch the touch-sensitive dis-
play 118. At least one of an origin, an end point, and a part of
the path of the 3D gesture is spaced from the electronic device
100. The controller 156 or the processor 102 may determine
attributes of the 3D gesture, such as an origin, an end, the
distance travelled, the duration, the velocity, the direction, the
number of objects performing the gesture, and so forth. Loca-
tion data including the origin and the end may include data for
a location of the object or the location of a single point on the
object. The location of a detected object may include x, and y
components, e.g., horizontal, vertical components, respec-
tively, with respect to a user’s view of the touch-sensitive
display 118. The location may also include a z component,
e.g., a component along an axis extending away from the
electronic device 100, for example, an axis perpendicular to
the touch-sensitive display 118, such as shown in FIG. 3. A
3D gesture may be identified by the detected attributes of the
gesture. The 3D gesture may be associated with or mapped to
a function that is performed.

The touch-sensitive display 118 includes a display area in
which information may be displayed, and a non-display area
extending around the periphery of the display area. The dis-
play area generally corresponds to the area of the display 112.
Information is not displayed in the non-display area by the
display, which non-display area is utilized to accommodate,
for example, electronic traces or electrical connections, adhe-
sives or other sealants, and/or protective coatings around the
edges of the display area. The non-display areca may be
referred to as an inactive area and is not part of the physical
housing or frame of the electronic device. Typically, no pixels
of'the display are in the non-display area, thus no image can
be displayed by the display 112 in the non-display area.
Optionally, a secondary display, not part of the primary dis-
play 112, may be disposed under the non-display area. Touch
sensors may be disposed in the non-display area, which touch
sensors may be extended from the touch sensors in the display
area or may be distinct or separate touch sensors from the
touch sensors in the display area. A touch, including a gesture,
may be associated with the display area, the non-display area,
or both areas. The touch sensors may extend across substan-
tially the entire non-display area or may be disposed in only
part of the non-display area. Transmitters and receivers may
also be disposed partially or entirely within the non-display
area.

A front view of an electronic device 100 is shown in FIG.
2. Two sets of touch sensors 114, also referred to as touch-
sensing electrodes, are illustrated in the example of FIG. 2.
The touch sensors 114 are shown for the purpose of illustra-
tion, but are not visible to the eye when looking at the front
view of the electronic device 100. Transmitters 120 and
receivers 122 are also illustrated in the example of FIG. 2. As
with the touch-sensors 114, the transmitters 120 and receivers
122 are shown for the purpose of illustration, but are not
visible to the eye when looking at the front view of the
electronic device 100.

The touch sensors 114 include drive electrodes 202 that
extend generally vertically in the view illustrated in FIG. 2.
The drive electrodes 202 may be disposed, for example, on a
substrate, on a cover, or on any other suitable layer of the
touch-sensitive display 118. The touch sensors 114 also
include sense electrodes 204 that extend generally horizon-
tally in the view illustrated in FI1G. 2. The drive electrodes 202
are spaced from the sense electrodes 204 by an interlayer
dielectric or insulator. The terms “vertically” and “horizon-
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tally” are utilized herein to provide reference to an orientation
of the electronic device 100 in the drawings and are not
otherwise limiting.

The drive electrodes 202 and the sense electrodes 204 are
coupled to the controller 116 and are utilized, for example, for
mutual capacitive touch sensing. The controller 116 is con-
figured to drive the drive electrodes 202 while measuring
changes in voltage across the sense electrodes 204, also
referred to as receiving signals and measuring signal values
from the sense electrodes 204. The change in voltage across
the sense electrodes 204, or change in signal value, is a result
of change in capacitance.

Inthe example of FIG. 2, the electronic device 100 includes
two transmitters 120 and two receivers 122 that are generally
triangularly shaped. Transmitters and receivers having other
shapes may be successfully implemented. The transmitters
120 are disposed in the non-display area 208 near opposite
edges or sides 210, 212 of the display area 206. In this
example, the receivers 122 are disposed in the non-display
area 208 near opposite edges or sides 214, 216 of the display
area 206. The edges or sides 214, 216 extend from the edge or
side 210 to the edge or side 212.

A side view of the electronic device 100 is illustrated in
FIG. 3. In the example of FIG. 3, signals are emitted from the
transmitters 120 to generate the electric field illustrated by the
dashed lines 302. The controller 156 controls the transmitters
120 and the receivers 122. Under the control of the controller
156, the transmitters 120 emit signals, for example, in the 30
to 300 kHz range, such that an electric field 302 is formed by
the transmitters 120. For example, the transmitters 120 may
emit signals at 156 kHz. Signals of other frequencies may be
successfully implemented, and the frequency utilized may
depend on the controller utilized. When an object 304 is
present in the electric field 302, the object 304 interferes with
the electric field 302, changing the electric field 302 at the
receivers 122. The charge that is induced on the receivers 122
is also affected by the object in the electric field. Thus, the
receivers 122 are utilized to detect an object that is spaced
from electronic device 100, such as spaced from the touch-
sensitive display 118, by measuring change in the induced
charge.

An object 304 that is spaced from the electronic device 100
is detected based on changes in the induced charge on the
receivers 122 when the object enters the electric field com-
pared to the induced charge on the receivers 122 when no
object is present.

3D gestures are detected based on the changes in the
induced charge when the object 304 moves. When the object
304 moves relative to the receivers 122, and affects the
induced charge. Thus, the induced charge on the receivers 122
changes. The changes in induced charges on the receivers 122
are measured. Movement of the object 304 is detected, for
example, based on calculations utilizing the measured
changes in induced charge.

Detection of 3D gestures and gestures on the touch-sensi-
tive display 118 are detectable by the electronic device 100.
The emission of signals by the transmitters 120 may cause
noise that interferes with the touch sensors 114.

A flowchart illustrating a method of detecting objects
spaced from the electronic device 100 and detecting touches
on the touch-sensitive display 118 is illustrated in FIG. 4. The
method may be carried out by software executed, for
example, by the controller 116, the controller 156, and the
processor 102. Coding of software for carrying out such a
method is within the scope of a person of ordinary skill in the
art given the present description. The method may contain
additional or fewer processes than shown and/or described,
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6

and may be performed in a different order. Computer-read-
able code executable by at least one processor of the elec-
tronic device to perform the method may be stored in a com-
puter-readable storage medium device or apparatus, which
may be a non-transitory or tangible storage medium.

When a touch is detected 402 on the touch-sensitive dis-
play 118, the touch attributes are detected, including touch
location to identify 404 the input. When an input is identified,
the associated command is identified. Touch detection may be
performed continuously while the electronic device is turned
on, while the electronic device is operating at full power or is
not in a sleep or low power condition. Touch detection may
continue while performing 3D gesture detection.

Performing touch detection continues, and when a touch is
detected, 3D gesture detection is not performed. Performing
3D gesture detection may also be delayed for a period of time
after a touch is detected. Thus, when a touch ends, 3D gesture
detection may not be performed for a period of time after the
touch ends and no further touch is detected, such as a fraction
of'asecond, e.g., 0.5 seconds or other suitable period of time.

When a touch is not detected 402, e.g., for a predetermined
period of time such as 0.5 seconds or another suitable period
of time, 3D gesture detection is performed 406. When a 3D
gesture is detected 408, the attributes of the gesture are uti-
lized to identify 410 the 3D gesture and the associated com-
mand. For example, a gesture may be associated with a com-
mand utilizing a look-up table. Any suitable command may
be associated with the gesture. For example, commands may
be utilized to open or launch an application, to close an
application, to proceed to a next photo or image, to reverse
back to a previous image, to scroll, to zoom, and so forth.
After identifying the associated command 410, the process
continues at 412. Alternatively, the process may continue at
408 after identifying the associated command 410.

When a 3D gesture is not detected 408, performance of 3D
gesture detection is discontinued 412. A 3D gesture is not
detected, for example, when an objectis not located in front of
the electronic device 100 or when an object does not move
relative to the transmitters 120 and the receivers 122. After
412, touch detection is performed on the touch-sensitive dis-
play 118. Touch detection is performed by driving the drive
electrodes 202 while sensing utilizing the sense electrodes
204. The transmitters 120 do not emit signals when perform-
ing touch detection at 402.

In the example of FIG. 4, touch detection begins and con-
tinues until no touch is detected. Alternatively, the process
may begin with 3D gesture detection and 3D gesture detec-
tion may be discontinued when a touch is detected. Thus, 3D
gesture detection may be performed until a touch is detected.
In this example, touch detection is prioritized such that 3D
gesture detection is discontinued to increase accuracy of
touch detection when a touch occurs. When a touch is no
longer detected, 3D gesture detection is performed.

A front view of another electronic device 100 is shown in
FIG. 5. In the example of FIG. 5, the transmitters 120 and
receivers 122 are disposed in the display area 206. As indi-
cated above, the transmitters and the receivers may be any
other suitable shape. Other numbers of transmitters and
receivers may also be successfully implemented. For
example, the electronic device may include an array of trans-
mitters and receivers. Touch detection may be performed
continuously such that touch detection is performed during
3D gesture detection as described. Alternatively, touch detec-
tion may be turned off during 3D gesture detection to reduce
power consumption and interference during 3D gesture
detection.
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A method comprises performing touch detection utilizing
touch sensors of a touch-sensitive display of an electronic
device. While no touch is detected on the touch-sensitive
display, for example, for a predetermined period of time, 3D
gesture detection that detects gestures spaced from an elec-
tronic device utilizing transmitters and receivers is per-
formed. Touch detection may be performed while performing
3D gesture detection. 3D gesture detection may not be per-
formed again until no touch is detected on the touch-sensitive
display, for example, when no touch is detected for a prede-
termined period of time, such as 0.5 second, 1 second, 2
seconds, or other suitable period of time.
Alternatively, a method comprises performing 3D gesture
detection that detects gestures spaced from an electronic
device utilizing transmitters and receivers of an electronic
device. While no 3D gesture is detected, for example, for a
predetermined period of time, touch detection utilizing touch
sensors of a touch-sensitive display is performed. Touch
detection may be performed while performing 3D gesture
detection. Touch detection may not be performed again until
no 3D gesture is detected, for example, when no 3D gesture is
detected for a predetermined period of time, such as 0.5
second, 1 second, 2 seconds, or other suitable period of time.
The transmitters of the 3D gesture detector are not utilized
to transmit signals during touch detection to reduce the effect
of noise on the signals received from the sense electrodes.
Noise during touch detection is reduced, increasing accuracy
of touch detection. Thus, 3D gesture detection and touch
detection may both be performed without 3D gesture detec-
tion interfering with touch detection.
The present disclosure may be embodied in other specific
forms without departing from its spirit or essential character-
istics. The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of
the disclosure is, therefore, indicated by the appended claims
rather than by the foregoing description. All changes that
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.
What is claimed is:
1. A method comprising:
utilizing touch sensors extending across a display area of a
touch-sensitive display that includes the display area in
which information is displayable and a non-display area
in which information is not displayable, performing
touch detection to detect touches on the display area;

when a touch is detected utilizing the touch sensors, con-
tinuing performing touch detection utilizing the touch
sensors;

when no touch is detected utilizing the touch sensors:

performing three-dimensional gesture detection to
detect gestures spaced from the electronic device uti-
lizing transmitters and receivers disposed in the non-
display area of the touch-sensitive display, wherein
the transmitters and receivers are separate from the
touch sensors and the transmitters extend near oppos-
ing sides of the display area and the receivers extend
near opposing sides of the display area such that a first
one of the transmitters extends near and along a length
of a first side of the display area, a second one of the
transmitters extends near and along a length of a sec-
ond side of the display area, a first one of the receivers
extends near and along a length of a third side of the
display area and a second one of' the receivers extends
near and along a length of a fourth side of the display
area, wherein the transmitters emit signals in a range
of from 30 KHz to 300 KHz when performing three-
dimensional gesture detection;
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discontinuing performing three-dimensional gesture
detection in response to detecting a touch utilizing the
touch sensors such that the transmitters and receivers
are not utilized during touch detection utilizing the
touch sensors.

2. The method according to claim 1, wherein three-dimen-
sional gesture detection is performed when no touch is
detected for a threshold time period.

3. The method according to claim 1, comprising discon-
tinuing performing three-dimensional object detection when
no three-dimensional gesture is detected.

4. The method according to claim 1, comprising discon-
tinuing performing three-dimensional object detection after a
three-dimensional gesture is detected.

5. The method according to claim 1, wherein performing
three-dimensional gesture detection comprises detecting
movement of objects that are spaced from the electronic
device.

6. The method according to claim 1, wherein an object is
detected when the object moves relative to the transmitters
and the receivers.

7. The method according to claim 1, wherein performing
three-dimensional gesture detection comprises:

emitting the signals from the transmitters and measuring
induced charge on the receivers;

utilizing changes in the induced charge to detect the three-
dimensional gesture.

8. A non-transitory computer-readable storage device hav-
ing computer-readable code stored thereon, the computer-
readable code executable by at least one processor of the
electronic device to perform the method of claim 1.

9. The method according to claim 1, wherein the first one of
the transmitters extends substantially an entire length of the
first side, the second one of the transmitters extends substan-
tially an entire length of the second side, the first one of the
receivers extends substantially an entire length of the third
side, and the second one of the receivers extends substantially
an entire length of the fourth side.

10. The method according to claim 1, wherein the first one
of the transmitters, the second one of the transmitters, the first
one of the receivers, and the second one of the receivers are
each generally triangularly shaped.

11. An electronic device comprising:

a touch-sensitive display comprising a display area in
which information is displayable and a non-display area
in which information is not displayable, the touch-sen-
sitive display including touch sensors disposed in the
display area to perform touch detection to detect touches
on the display area and to continue performing touch
detection in response to detecting a touch;

transmitters and receivers arranged and constructed to per-
form three-dimensional gesture detection of objects
spaced from the electronic device when no touch is
detected utilizing the touch sensors and to discontinue
performing three-dimensional gesture detection in
response to detecting a touch utilizing the touch sensors
such that the transmitters and receivers are not utilized
during touch detection utilizing the touch sensors;

wherein the transmitters and receivers are disposed in the
non-display area and are separate from the touch sensors
and, wherein the transmitters extend near opposing sides
of the display area and the receivers extend near oppos-
ing sides of the display area such that a first one of the
transmitters extends near and along a length of a first
side of the display area, a second one of the transmitters
extends near and along a length of a second side of the
display area, a first one of the receivers extends near and
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along a length of a third side of the display area and a
second one of the receivers extends near and along a
length of a fourth side of the display area, wherein the
transmitters emit signals in a range of from 30 KHz to
300 KHz when performing three-dimensional gesture
detection.

12. The electronic device according to claim 11, wherein
an object is detected when the object moves relative to the
transmitters and the receivers.

13. The electronic device according to claim 11, compris-
ing a processor coupled to the transmitters and receivers to
detect movement of the objects spaced from the display based
on changes in induced charge on the receivers.

14. The electronic device according to claim 11, wherein
the transmitters and receivers are controlled by a controller to
continue to perform three-dimensional gesture detection until
a touch is detected.

15. The electronic device according to claim 11, wherein
the transmitters and receivers are controlled by a controller
such that three-dimensional gesture detection is not per-
formed again until no touch is detected on the touch-sensitive
display.
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16. The electronic device according to claim 11, wherein
the transmitters and receivers are controlled by a controller
such that three-dimensional gesture detection is not per-
formed until no touch is detected on the touch-sensitive dis-
play for a threshold time period.

17. The electronic device according to claim 11, wherein
three-dimensional gesture detection is performed by:

emitting signals from the transmitters and measuring

induced charge on the receivers;

utilizing changes in the induced charge to detect the three-

dimensional gesture.

18. The electronic device according to claim 11, wherein
the first one of the transmitters extends substantially an entire
length of the first side, the second one of the transmitters
extends substantially an entire length of the second side, the
first one of the receivers extends substantially an entire length
of the third side, and the second one of the receivers extends
substantially an entire length of the fourth side.

19. The electronic device according to claim 11, wherein
the first one of the transmitters, the second one of the trans-
mitters, the first one of the receivers, and the second one of the
receivers are each generally triangularly shaped.
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